Acta allergologica, 1962, XVI1I, 36—48

From the Department of Dermatology, University of Lund, Sweden.
Head: Professor G. Hagerman, M.D.

BASOPHILS AND OTHER LEUCOCYTES IN
ALLERGIC REACTIONS IN GUINEA-PIGS

By
HANS RORSMAN

Two cell-types with metachromatic granules are present in
the guinea-pig—the tissue mast cells and the basophil leuco-
cytes. The tissue mast cells of the guinea-pig show degranula-
tion in anaphylaxis (Stuart 1952; Mota & Vugman 1956,
Boréus 1960) and addition of antigen to sensitized guinea-pig
tissue in vitro also causes mast cell degranulation (Mota 1959;
Humphrey & Mota 1959; Boréus & Chakravarty 1960).
Mast cell degranulation is combined with release of histamine
and of ‘slow reacting substance’—‘'SRS’ (Boréus & Chakra-
varty 1960). There is thus strong evidence that mast cells
play a part in guinea-pig anaphylaxis. Our knowledge of the
relation of the basophil leucocytes to allergic reactions in
guinea-pigs is however very limited (Levaditi 1902; Schlecht
1910; Ringoen 1923; Plimpton 1940; Winguist 1960; Chan
& Yoffey 1960).

The present study deals with the reactions of basophils in
anaphylactic conditions in guinea-pigs. Thus basophils in cir-
culating blood are studied in connection with:

1. Fatal anaphylaxis induced by intravenous injection of a
large dose (1 mg) of allergen.
2. Acute mild anaphylactic reaction induced by intravenous
injection of a small dose (0.01 mg) of antigen.
3. Prolonged anaphylaxis, induced by subcutaneous injection
of a sub-lethal dose (5 mg) of allergen.
Neutrophils, lymphocytes, and eosinophils are studied simul-
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taneously in order to observe possible co-reactions of basophils
and other leucocytes.

MATERIAL AND METHODS

Male guinea-pigs on a diet consisting of hay and beets,
weighing 2 §0—440 g, were used.

The antigen used was crystalline egg albumin (Kebo AB,
Stockholm). All solutions were prepared in saline and steri-
lized by passage through a Seitz filter.

* The volume of all injections was 1 ml. Physiologic saline
was used for preparation of solutions.

Sensitization was induced by a subcutaneous injection of 100
mg of egg albumin followed 3—4 days later by the same dose
intraperitoneally. :

Challenging injections were made three to four weeks after
the first sensitizing injection.

Intravenous injections were made into the upper surface of
the hind feet using 26 gauge needles according to the technique
described by Kabat & Mayer (1948). :

Subcutaneous injections were made into the skin of the dor-
sum just caudally to the ribs using 26 gauge needles.

Samples for blood cell counts were obtained after incision
of an ear vein. The skin was previously cleaned with ethyl-
ether. The first blood-drop was not used. Counts were made 1 5
minutes and immediately before challenging injections and
then 7 minutes , 15 minutes, 1 hour, 4 hours, and 24 hours
after the injection. In the experiment with fatal anaphylaxis
and in its control experiment the chest was opened immediate-
ly after death and blood was aspirated into a syringe from the
right ventricle.

The hematological technique was the same as that used in
man by Rorsman & Rosengren (1958). Eosinophils were,
however, counted in the same dilution fluid as basophils. Baso-
phils and eosinophils were easily identified with the chamber
method used. The granules of guinea-pig basophils are larger
and darker than those in human basophils. The eosinophil
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g'ranules are greenish-grey. For further descriptiort of guinea-
pig blood morphology, cf. Schermer (1954).

The counts of neutrophils and lymphocytes were calculated
from total leucocyte counts and differential counts of 100
leucocytes.

Absolute counts of basophils were compared with the in-
direct calculation of basophils from total leucocyte counts and
differential counts in 100 cases. The mean values of the direct
and the indirect determination were the same.

The following experiments w=re performed:

A. Egg albumin (1 mg) was injected intravenously in five
sensitized guinea-pigs.

B. As a control for experiment A egg albumin (1 mg) was
injected intravenously in five unsensitized animals. These

were killed by intravenous injection of 1 ml air 2—3 minutes
after the albumin injection and the postmortal sample was
then obtained from the right ventricle as in the animals
which had died in anaphylaxis.

Albumin (0.01 mg) was injected intravenously in ten sen-
sitized guinea-pigs.

As a control for experiment C egg albumin (0.01 mg) was
injected intravenously in ten unsensitized animals.

Egg albumin (5 mg) was injected subcutaneously in ten
sensitized guinea-pigs.

As a control for experlment E egg albumin ( 5 mg) was
injected subcutaneously in ten unsensitized guinea-pigs.

?1?'1.5.0

RESULTS
Symptoms.

The intravenous injection of 1 mg egg albumin in the sen-
sitized animals induced anaphylactic death 3—7 minutes after
the injection in all animals. The intravenous injection of 1 mg
egg albumin in the unsensitized did not induce any symptoms
but immediately after the following intravenous air-injection
severe convulsions occurred and death followed within 1 to 3
minutes. The intravenous injection of 0.01 mg egg albumin in
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the sensitized animals induced sneezing, dyspnoea, ruffled fur
and sometimes urination and defecation. The symptoms sub-
sided within §—15 minutes. Blood sampling was difficult in
some animals while symptoms lasted since very little blood
appeared after nicking. The intravenous injection of 0.0r mg
egg albumin induced no symptoms in the unsensitized animals.

After subcutaneous injection of 5 mg albumin in the sen-
sitized animals these became weak after a few minutes and
remained so for more than 4 hours. Respiratory symptoms
were never pronounced. After 24 hours the animals appeared
normal. Blood sampling was difficult 1 and 4 hours after the
injection as very little blood appeared after nicking. Sub-
cutaneous injection of 5 mg egg albumin did not induce any
symptoms in the unsensitized animals.

Effects on blood cells.

Variance analysis was used in the statistical treatment. How-
ever, changes of mean values were always judged on the basis
of individual changes, because of different magnitudes of the
variation within the animals and because of the risk of corre-
lation between values that were chronologically close together.

Intravenous injection of 1 mg egg albumin:

Mean values of the pre-injection counts, obtained from the
peripheral blood, and of the postmortal counts, obtained from
the right ventricle, are given in Table 1 for sensitized animals
and in Table 2 for the unsensitized ones.

In sensitized animals the ranges of the pre-injection values
were for basophils 39—204, for neutrophils 3,900-10, 500, for
lymphocytes 2,200—7,400, and for eosinophils 32—142 cells
per mm?®,

In unsensitized animals the ranges of pre-injection values
were for basophils 20~100, for neutrophils 2,800—4,500, for .
lymphocytes 1,500—4,100, and for eosinophils 25—70 cells
per mm®, .

In the sensitized animals the basophils were postmortally
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TABLE 1
The effect on leucocytes of intravenous injection of 1 mg egg albumin in
sensitized guinea-pigs. Mean walues of determinations in five animals are given.

15 min. ! Immediately i

before ' bef Immedijately
i injection i ini:c‘t)i‘:n ! after death
Basophils ......cccoeeeevennns cells/mm® 87 93 o
Neutrophils ......... 1000 cells/mm® 6.9 7.6 0.9
Lymphocytes ......... 1000 cells/mm® 4.5 5.1 3.6
Eosinophils .......cceceeeenes cells/mm® 79 74 13
TABLE 2

The effect on leucocytes of intravenous injection of 1 mg egg albumin
in unsensitized guinea-pigs. Mean walues of determinations in five animals

are given.

| 15 min. Immediately

! y Immediately

i before before

| injection injection after death
Basophils .......cccccoeiniiens cells/mm® 14 47 46
Neutrophils ......... rooo cells/mm* 3.8 3.6 2.7
Lymphocytes ......... 1000 cells/mm’ 2.4 2.6 4.1
Eosinophils .............ccues cells/mm® 31 30 31

decreased to a zero-level. Also the other granulocytes were
considerably decreased, while the lymphocytes were slightly
affected. Decrease of basophils, neutrophils, and eosinophils
was pronounced in all five animals, while the lymphocytes de-
creased in four out of the five animals studied. In the unsensi-
tized animals no definite cell changes occurred.

Intravenous injection of 0.01 mg egg albumin.

The mean values of cell counts in sensitized animals are
given in Table 3.

The mean values and standard deviations of pre-injection
. counts were for basophils 91 = §3, for neutrophils 4,400 =
1,700, for lymphocytes 6,800 = 2,600, and for. eosinophils
107 = §2 cells per mm®.

Seven minutes after the intravenous injection of albumin in
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TABLE 3
The effect on leucocytes of intravenous injection of 0.0r mg egg albumin in sen-
sitized guinea-pigs. Mean walues of determinations in len animals are given.
Figures in brackets indicate the number of missing determinations due to technical
difficulties.

Before injection

After injection

|
i
* 1 I ' I

;15'|o 7:15'|1h|4h:24h
Basophils
cells/mm® ......... 89 92(1) 17(1) 22 55 53 92
Neutrophils
1000 cells/mm’ 4.3 45 4.5(1) 43 9.4 7.8 4.8
Lymphocytes
1000 cells/mm® 7.4 6.3 6.3(1) 6.6 6.9 5.6 6.1
Eosinophils
cells/mm® ......... 113 100(1) 123(1) 176 183 270 161

TABLE 4

The effect on leucocytes of intravenous injection of 0.01 mg egg albumin
in unsensitized guinea-pigs. Mean values of determinations in ten animals

are given.
Before injection After injection

15 L] 7 15’ 1h 4h ‘ 24h
Basophils
cells/mm® ... 4 46 51 52 54 46 50
Neutrophils
1000 cells/mm® ...... 6 4.7 3.8 5.2 6o - 7.3 5.5
Lymphocytes
1000 cells/mm® ...... 45 4.6 44 31 3.6 3.0 3.9
Eosinophils .
cells/mm*® ............. 50 48 67 68 86 43 49

the sensitized guinea-pigs the basophil mean value was
markedly lowered and a decrease compared with the individual
mean values of the pre-injection determinations was found in
nine out of the ten animals. The mean value was at the same
low level after 15 minutes and all ten animals now showed
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values below the pre-injection counts. The relatively low mean
values 1 and 4 hours after the injection were due to counts
lower than the pre-injection ones in eight and nine animals
respectively. After 24 hours the pre-injection mean value was
reached.

The neutrophils did not react immediately after the injec-
tion, but after 1 and 4 hours the individual counts were in all
animals higher than the pre-injection counts and the mean
values were considerably increased. Neutrophils returned to
the pre-injection level after 24 hours.

There was no significant change of the lymphocytes.

The higher mean values of the eosinophils after the injec-
tion were due to a rise in all ten animals after 15 minutes and
in eight out of ten animals after 4 hours, while the increased
mean values on the other occasions were due to increase in a
less significant number of animals.

The effect of 0.01 mg albumin injected intravenously in the'
unsensitized animals appears from Table 4.

The mean values and standard deviations of pre-injection
counts were for basophils 44 == 25, for neutrophils 4,600 =+
2,500, for lymphocytes 4,500 =% 2,600, and for eosinophils
49 = 29 cells per mm?®.

Basophils were not influenced.

Neutrophil mean values were higher 1 and 4 hours after the
injection than before, and the increased mean values were due
to a neutrophil rise in eight out of the ten animals studied.

Lymphocytes showed slightly depressed mean values after
the injection and the individual counts were decreased com-
pared with the pre-injection counts in eight out of the ten
animals after 4 and 24 hours.

Eosinophils did not show any uniform changes after the in-
jection, although increases of mean values were observed.

Subcutaneous injection of § mg egg albumin.

- Mean values of cell counts in sensitized animals:are given

in Table g.
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The mean values and standard deviations of pre-injection
counts were for basophils 71 = 41, for neutrophils 4,900 =+
1,900, for lymphocytes 51700 == 2,300, and for eosinophils
67 =+ 33 cells per mm®.
In sensitized animals the subcutaneous injection of § mg egg
albumin induced pronounced changes in the basophil cell count.

TABLE ;
The effect on leucocytes of subcutaneous injection of 5 mg egg albumin in sen-
sitized guinea-pigs. Mean values of dettrmmahoru in ten animals are gﬁvm
Figures in brackets indicate the number of mz.mng dttermma!wm due to tzchmml

difficulties.
Before injection After injection
15 (] | 7 I 15’ ' 1h 4h ’ 24h
Basophils
cellsy/mm® ........ 68 74 44 13 43(3) 17(1) 120
Neutrbphils ’

1000 cells/mm® . 4.6 52 4.9 48  8.9(3) 15.6(2) 4.7
Lymphocytes

1000 ctlls/mm’® . 5.5 5.8 5.1 5.1 5.1(3) 7.9(2) 6.0

Eosinophils

cells/mm® ........ 61 73 8s 72 365(3) 346(1) 475,
TABLE 6

The effect on leucocytes of subcutaneous injection of 5 mg egg albumin in
unsensitized guinea-pigs. Mean values of determinations in ten animals are given.

I Before injection | After injection
! 15’ o ‘ 7 ’ 15 I 1h 4h ’ 24b
Basophils
cells/mm’ ........». 63 56 76 67 76 82 114
Neutrophils
1000 cells/mm® ...... 5.9 5.3 5.8 6.2 8.4 8.9 6.3
. Lymphocytes '
1000 cells/mm?® ...... [R 43 5.0 4.8 5.0 47 6o
Eosinophils '

cells’/mm‘_ ............. 50 - 49 54 48 57 49 50
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The low.value after 7 minutes was due to a decrease of the
basophil counts compared with the'pre-injection counts in eight
out of ithe ten animals, while the low mean value after 15
minutes was due to decreases in all the studied animals. The
lower mean value 1 hour after the injection was due to pro-
nouncedly low values in five  animals. The more pronounced
decrease after 4 hours was due to a decrease in nine animals.
The basophil level after 24 hours was higher than the pre-
injection counts in eight out of the ten animals.

Mean values of neutrophils were increased after 1 and 4
hours compared with pre-injection counts. The individual
values were increased except in one animal. The very high
mean value after 4 hours was partly due to pronounced in-
crease in two animals.

Lymphocytes did not show significant changes.

Eosinophils were considerably increased 1, 4, and 24 hours
after the injection. At these times the eosinophils were above
pre-injection levels in all the studied animals.

The mean values of cell counts in unsensitized animals are
given in Table 6.

The mean values and standard deviations of pre-injection
counts were for basophils 60 + 40, for neutrophils §,600 =+
3,300, for lymphocytes 4,700 = 1,900, and for eosinophils
49 £ 33.

Unsensitized animals did not show any immediate reaction
of basophils, unlike the sensitized animals, but after 24 hours
the mean value was considerably increased owing to increases
from pre-injection counts in nine out of the studied animals.

The increased mean values of neutrophils 1 and 4 hours
after the injection were due to increases above pre-injection
counts in nine of the ten animals.

Lymphocytes and ¢osinophils did not change significantly.

'DISCUSSION

The values of the different leucocytes in untreated animals
agree with those given in literature (Schermer 1954; Back,
Feinman & Harrisson 1955; Winquist 1960).
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The: pronounced decrease of granulocytes during anaphy-
lactic: shock, observed in the actual experiments, is well-known
through earlier work (W eiss & Tsuru 1910; Wittkower 1923;
Bickel & Frommel 1924). It may be observed that the decrease
of the basophils seemed to be still more pronounced than that
of the other granulocytes.

By intravenous injection of a lower dose of antigen (0.01
mg), which did not induce fatal anaphylaxis, a dissociation of.
the cellular reaction could be obtained so that the animals
showed a decrease of basophils without a concomitant decrease
of the other leucocytes. The decrease after the antigen injec-
tion was obvious after 7 and 15 minutes, but thereafter a
return toward pre-injection values could be observed.

Also-after the subcutaneous injection of § mg egg -albumin
in sensitized animals the basophils showed a rapid decrease,
most pronounced after 1§ minutes. After subcutaneous injec-
tion the return toward normal levels was interrupted by a new
decrease after 4 hours. This decrease of basophils after 4
hours was not observed after the intravenous injection of 0.01
mg of albumin. After 24 hours the basophils were above the
initial count, in contrast to the condition after the intravenous
injection of 0.01 mg. However, basophils were increased 24
hours after subcutaneous injection of § mg egg albumin also
in unsensitized animals.

‘The neutrophils decreased in the fatal anaphylaxis-but in
experiments with non-fatal anaphylaxis no decrease was found.
It should be noted that the neutrophils in all experiments
showed higher mean values 1 and 4 hours after. the. injections
than before, irrespectively of the immunologic state of the
animal.

Changes of the lymphocytes were not pronounced in any of
~the experiments.

Eosinophils decreased like the other granulocytes during the
fatal anaphylaxis. However, the eosinophils did not decrease
during mild acute or prolonged anaphylaxis like the basophils.
Instead an eosinophilia was induced, which was pronounced
for the § mg dose. The post-anaphylactic- eosinophilia, which
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has been known for a long time (Schlecht 1910) has been
extensively studied (cf. Samter 1949). Liberated histamine
may possibly play a role in the induction of anaphylactic
eosinophilia (Back et al. 1955).

During sensitization of guinea-pigs by repeated injections
of a foreign protein the eosinophils and basophils increase
concomitantly (W inguist 1960). The actual findings of a
basophil decrease without fall of other blood cells, eosinophils
included, indicate a mutual independence of the basophils and
eosinophils.

The mechanism for the basophil decrease in anaphylaxis has
not yet been investigated. It seems possible that the cells are
degranulated like tissue mast cells in anaphylaxis (Mota &
Vugman 1956; Boréus 1960). Degranulated basophils would
probably be impossible to diagnose. A total destruction or a

selective trapping of the basophils in some organ during ana-
phylaxis could also explain the basopenia.

Nothing is known about the agent responsible for the baso-
penia, in whatever way it may be induced.—The allergen might
be effective directly but substances released during the ana-
phylaxis should also be considered. ,
- Selective basopenia has earlier been demonstrated in certain
forms of human urticaria (Rorsman & Rosengren 1958;
Meneghini & Levi 1959). In rabbits it has not been possible
to induce selective basopenia (Rorsman in press). The present
finding of basopenia without decrease of other leucocytes in
guinea-pig anaphylaxis will form a further basis for studies on
the functional importance of basophil leucocytes.

SUMMARY

Basophils and other leucocytes were studied in fatal, in-mild
acute, -and in moderately severe prolonged anaphylaxis in

guinea-pigs.

It was found that:
1. All granulocytes decreased in fatal anaphylaxis.
2. Basophils decreased selectively in mild acute and in mode-
rately severe prolonged anaphylaxis.
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3. Lymphocytes and neutrophils did not change specifically
in mild acute or in moderately severe prolonged anaphy-
laxis.

4. FEosinophils increased irregularly after mild acute but re-
gularly during moderately severe prolonged anaphylaxis.
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